Subprime crisis which started in the USA in 2007 was the cause of the most significant economic disturbances since the Great Depression in 1930s. Soon it transmitted to other countries, including those in which banks were not engaged in the subprime mortgage market. The crisis hit various sectors of national economies and led to changing of the trends on the stock markets, which are connected to American capital market. In the following article we researched the influence of the American market on the other markets in the context of the financial crisis. Our analysis is based on the results obtained from the multivariate parametric models. Seeing that the data space is high-dimensional, we used GO-GARCH models introduced by van der Weide (2005) and Boswijk and van der .
Introduction
When on July 19, 2007 Dow Jones Industrial passed 14,000 for the first time in its history, Henry Paulson, then Secretary of the Treasury under George W. Bush, said the global economy had never been in such a good condition in his lifetime. In reality, due to popularity of the (almost perfect) subprime mortgages in the United States, mortgage lenders were already experiencing problems. Ownit Mortgage Solutions Inc., the first American institution to offer subprime mortgages, bankrupted as soon as on January 3, 2007 . Financial markets reacted calmly. Serious liquidity problems of the banks offering subprime mortgages were revealed in the second half of July 2007. They originated in the loss of investors' trust which hit banks in the United States and other countries. In spite of the fast reaction by FED and central banks of Australia, Canada and Japan, which provided the markets with about 300 billion dollars in order to save the banks from loss of liquidity, the world financial crisis started 1 . The crisis affected also the capital markets, leading to their consistent decline till the end of March 2009.
The world stock markets are influenced by the US stock exchanges. This is true also for the stock exchanges in the countries loosely connected to American economy, such as the Warsaw Stock Exchange. In the following paper we try to verify if the subprime mortgages crisis in the United States, which spread rapidly to other countries, led to increased influence the US stock exchange had on their stock exchanges. We analyzed series of logarithmic returns of the main stock indexes from various countries during a 3 years period preceding and a period following the start of the subprime crisis, which ended in March 2009. We apply multidimensional GARCH models to the series, and use them to determine impulse response functions in conditional variance, which will show us how the indexes affect one another. 
The conditional covariance matrix is described by the following equation Proposed by van der Weide GO-GARCH model, which we use in this paper, is free from most of the aforementioned limitations of the O-GARCH model 11 . The main difference between the two models is that in the former the A matrix is being multiplied by an orthogonal matrix with the unit determinant defined as a product of k(k -1)/2 rotation matrices:
where G Dependence of the U matrix on k(k -1)/2 number of parameters makes it impossible to apply this model to very high-dimensional time series. In the newer version of the GO-GARCH model (called GO-GARCH-NLS), introduced by Boswijk and van der Weide 15 , the U matrix is determined by using matrix regression with 2k parameters estimated with the nonlinear least squares method 16 . In the following paper we consider only 5-dimensional time series. In both cases there is only 10 additional parameters, however in the newer version of the GO-GARCH the parameters of the U matrix and any univariate GARCH model are estimated separately.
To describe each principal component we use standard GARCH (1, 1) 
We use variance-targeting method to estimate parameters of the model 17 .
The GO-GARCH models are not a frequently used, because they are difficult to implement.
However, for their advantages they were used in a couple of interesting studies. In the World Bank report the model was the basis for volatility analysis of Malaysian market in comparison to other markets, Vojtek and Kliber, Kliber, Płuciennik used it to study relations between interest rates of inter bank market 18 .
Data
We analyze the main stock indexes of the United States, Japan, Germany, Great Britain , so we chose it for this paper as the date dividing the "before" and "during" the crisis subperiods. Source: own calculations. Table 1 .
Empirical research
We apply GO-GARCH (1, 1) models to logarithmic returns of the stock indexes for both analyzed subperiods to obtain conditional variances, to which in turnwe fitthe VAR/VECM model in order to determine the impulse response functions. Analysis of these functions reflect how much variances of different indexes affect one another. In Table 2 we present results of estimations of the GO-GARCH model applied to two analyzed subperiods. In neither of them we found any linear dependency in series of logarithmic returns of the stock indexes levels. In the results of the estimation we present only parameters describing five principal components, omitting numerous parameters of A and U matrices.
Principal components reflect properties of the analyzed logarithmic return series. In both subperiods for all components the sum of α and β is close to 1, which indicates slowly decreasing autocorrelation of squared logarithmic returns series. This is typical of series of logarithmic returns of the stock indexes levels and indicates large variability of conditional variances in time. -6-2006 8-6-2006 11-6-2006 2-6-2007 5-6-2007 8-6-2007 11-6-2007 2-6-2008 5-6-2008 8-6-2008 11-6-2008 2-6-2009 NIKKEI225 WIG20 Fig. 2 . Conditional correlations between the logarithmic return of the Dow Jones Industrial and logarithmic return of otherstock indexes before and duringthe crisis Source: own calculations.
In Figure 2 we present conditional correlations of the logarithmic returns series obtained from the GO-GARCH model fitting. Since the beginning of the crisis we can observe big growthof the correlation betweenthe Dow Jones Industrial,and the FTSE100 and the WIG20 indexes respectively. In case of the NIKKEI225 index, its conditional correlation does not rise, but its dynamics does. What seems surprising is fall of the correlation between the Dow Jones Industrial and the DAX. It should be noted that conditional correlation illustrates only linear dependencies. Considering that the trend of the DAX index changed similarly to all other analyzed indexes, we assume that correlation between German and American indexes did not disappear but changed. To prove this, in the next part of this paper we will apply the VAR model to conditional variance,obtained by using the GO-GARCH model, to determine the impulse response functions to a unit Dow Jones Industrial impulse. The functions will illustrate transmission of the crisis of confidence from American to other markets. Since Johansen's (1991) test affirmed the presence of cointegration in the series of conditional variances for both 
Conclusions
The results of analysis in this paper show that the subprime crisis had a great influence on global financial markets. First signals of subprime crisis in USA became the impulse to start a very deep correction in all important world capital markets. Conditional correlation between the main stock indices in the USA and in other markets did not increase remarkably (the conditional correlation between the Dow Jones and DAX falls after August 2007), The analysis of impulse response functions determined for conditional variance series showed that the crisis increased the power of transmission of nervousness from American to other markets. The reaction to disturbances on American market is also more durable during the crisis compared to pre-crisis period. Therefore, we can conclude that during the subprime crisis the American market was observed more closely by financial markets investors in Europe and Japan, and its performance was an important factor in making investment decisions.
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